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© 3,7-Disubstituted-3-cephem compounds and process for production of the same. 
© Cephem compounds of the formula: 
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wherein R' is amino or protected amino, 
R* is hydrogen or hydroxy protective group, 
R' is carboxy, COO e or protected carboxy, 

Y is -N^JT , -N J* or -iQ 

wherein R' is lower alkyl, and 
R s is hydrogen or lower alkyl substituted with hydroxy or protected hydroxy, 
X is acid residue, and 
n is 0 or I, 

pharmaceutical^ acceptable salts thereof, processes for preparing the same, pharmaceutical compostions 
comprising the same and their use in treating infectious diseases. 
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3 > 7-DISUBSTTTUTED>3-CEPHEM COMPOUNDS AND PROCESSES FOR PRODUCTION OF THE SAME 



The present invention relates to novel 3,7-disubstituted-3-cephem compounds and a pharmaceutical ly 
acceptable salt thereof. 

More particularly, it relates to novel 3,7-disubstrtuted-3-cephem compounds and a pharmaceutical^ 
acceptable salt thereof, which have antimicrobial activity, to processes for the production of the same, to a 
s pharmaceutical composition comprising the same, and to a method for the treatment of infectious diseases 
caused by pathogenic microorganisms comprising administering the same to infected human being or 
animals. 

Accordingly, one object of the present invention is to provide novel 3,7*disubstituted-3-cepriem 
compounds and a pharmaceutical^ acceptable salt thereof, which are highly active against a number of 
10 pathogenic microorganisms and are useful as antimicrobial agents. 

Another object of the present invention is to provide processes for the production of novel 3,7- 
disubstituted-3-cephem compounds and a salt thereof. 

A further object of the present invention is to provide a pharmaceutical composition comprising, as an 
active ingredient said 37-disubstituted-3-cephem compounds and a pharrnaceutically acceptable salt 
75 thereof. 

Still further object of the present invention is to provide a method for the treatment of infectious 
diseases caused by pathogenic microorganisms which comprises administering said 3,7-disubstituted-3- 
cephem compounds and a pharmaceutical acceptable salt thereof to the infected human being or animals. 
The 3,7-disubstrtuted-3-cephem compounds according to this invention are novel and can be repre- 
20 sented by the following general formula (I). 



25 




wherein R 1 is amino or protected amino, 
R 2 is hydrogen or hydroxy protective group, 
R 3 is carboxy, COO e or protected carboxy, 

30 

R 4 * R 4 . R 4 

Y is -N ^ , or -*\_) 

35 

wherein R* is lower alkyl, and 
R s is hydrogen or lower alkyl substituted with hydroxy or protected hydroxy, 
X is acid residue, and 
n is 0 or I, 

40 with the proviso that when R 1 is COO e , then n is 0, and when R 3 is carboxy or protected carboxy, then n is 
I. 

It is to be understood that the term "syn isomer" used in the present specification means the 
compound (I) having the stereospecific partial structure of the formula : 

45 -C-GO- 

" 2 
N-OR 

wherein R 2 is as defined above. 
^ Suitable pharrnaceutically acceptable salts of the object compounds (I) are conventional non-toxic salts 
and may include a salt with a base or an acid addition salt such as a salt with an inorganic base, for 
example, an alkali metal salt (e.g. sodium salt, potassium salt. etc.). an alkaline earth metal salt (e.g. 
calcium salt, magnesium salt etc.), an ammonium salt: a salt with an organic base, for example, an organic 
amine salt (e.g. triethylamine salt, pyridine salt, picoline salt, ethanolamine salt, triethanolamine salt 
dicyclohexylamine salt, dibenzylamine salt. N.N'-dibenzylethylenediamine salt, etc.), etc.; an inorganic acid 
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addition salt (e.g. hydrochloride, hydrobromide, sulfate, phosphate, etc.); an organic carboxylic or sulfonic 
acid addition salt (e.g. formate, acetate, trifluoroacetate, maleate, tartrate, methanesulfonate, benzenesul- 
fonate, p-toluenesulfonate, etc.); a salt with a basic or acidic amino acid (e.g. arginine, aspartic acid, 
glutamic acid, etc.); and the like. 
5 The object compound (I) or a pharmaceutically acceptable salt thereof of this Invention can be prepared 
by the processes illustrated below. 
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Process 1 : 
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N _ 0R 2 

H 2 N — I f S ") 

J-Ji-CH,Y'(X 0 > (III> 
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CH 2 Y " (X w ) 

"or its reactive 
R 3 derivative at the 

T5 carboxy group or a 

salt thereof 



or its reactive derivative 
at the amino group or a 
salt thereof 



1 C-CONH — , ^ 



n 



R 3 



(I) 

or a salt thereof 



Process 2 : 



N-r C-CONH 1 — f S n 



(la) 

or a salt thereof 



Elimination of the 
so carboxy-protective 
group 



> R ^S> «. 0R 2 



CH 2 Y 



coo® 
(lb) 

or a salt thereof 
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Proces s 3 

5 



1 N ~v7 C-CONH 1 f S " s t 




10 a ^ 

IT 

(Ic) 

or a salt thereof 

75 



Elimination of the 
n hydroxy-protective 

group r N ~^ C-CONH— 5 



jj-rr — ^-tuwn 1 r > 



25 R 3 

(Id) 

or a salt thereof 

so Process 4 : 



35 R 



n -a — C-CONH — I 

H^N-OH%TJ f LcH 2Y MXe )n 



R 3 
(Ie) 

40 or a salt thereof 

Elimination of 
* the araino-protective 

group N-vT~ C-CONH ' S ' 



N-^~ C-CONH 1 r-^N 



50 0 ' 3 

R J 

(If) 

ss or a salt thereof 
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Process 5 : 



0 
+ 




(IV) 

or a salt thereof 




(Ig) 

or a salt thereof 
wherein R\ R 2 , R a , X, Y and n are each as defined above, 
Ra is protected amino, 
R% is hydroxy protective group, 
R| is protected carboxy, and 
Rj is carboxy or protected carboxy. 

Among the starting compounds in the present invention, the compound (IV) is novel, and the 
compounds (lla), (lib) and (IV) can be prepared by the processes which are illustrated in the following - 
schemes or by a conventional method. 
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Process A : 



70 
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CH 2 X 



■2 



(V) 

or a salt thereof 



Ya 
(VI) 

or a salt thereof 



Step (T) 
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Reduction 

CH 2 Y . X® — * 

Step [2J 



(VII) 

or a salt thereof 



35 



40 



CH 2 Y • X 
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Elimination of the amino 
protective group 
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Step © 



(VIII) 
or a salt thereof 
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H 2 N- 



CH 2 Y ♦ X® 



(Ha) 

or a salt thereof 
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Process B : 



CH_X 

! 2 



Elimination of the carboxy 
protective group 
;» 



Step 0 



(IX) 

or a salt thereof 



CH 2 X 



COOH 



Ya 
(VI) 

or a salt thereof 



Step @ 



(X) 

or a salt thereof 



Elimination of the 
amino protective group 




(lib) 

or a salt thereof 



8 



0 237 735 



w 



15 



20 



25 



30 



35 



40 



Process C : 

» S *s Oxidation 



B' N-OR 2 /-Nf^CH 2 X step @ 



4 



(XII) 

or a salt thereof 
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S N-OR^ 0 ^^^~f 



CH 2 X 



(XIII) 
or a salt thereof 



0 

Ya (VI) + 
or a salt thereof N — \ — C-CONH — i — < S 



Step @ 



f N -r — C-CONH — i — f 



4 



(IV) 

or a salt thereof 



^ wherein R 1 , R 2 , R* , R^ , X and Y are each as defined above, 

Ya is R 4 -N ^ , R 4 -N^} or R 4 -*Q 
wherein R 4 and R 5 are each as defined above, 

so and 

R' is protected amino. 

!n the above and subsequent descriptions of the present specification, suitable examples and illustra- 
tions of the various definitions which the present invention includes within the scope thereof are explained in 
55 detail as follows. 

The term "lower" is intended to mean I to 6 carbon atom(s), unless otherwise indicated. 
The term "higher" is intended to mean 7 to 20 carbon atoms, unless otherwise indicated. 
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Suitable "protected amino" group may include an amino group substituted by a conventional amino- 
protective group which is used in penicillin and cephalosporin compounds, for examples, acyl as mentioned 
below, ar(lower)a!kyl such as mono-(or or tri)pherryi{lower)aikyl (e.g. benzyl, benzhydryl, trityl, etc.), lower 
alkoxycarbony!(lower)a[kylidene or its enamine tautomer (e.g. l-metrK)xycarbonyI-l-propen-2-yl, etc.), oV 
(lower)aIkylaminomethylene (e.g. dimethylaminomethylene, etc.), etc. 

Suitable "acyi" may include carbamoyl, an aliphatic acyl, an aromatic acyl, a heterocyclic acyl and an 
aliphatic acyl substituted with aromatic or heterocyclic group(s). 

The aliphatic acyl may include saturated or unsaturated, acyclic or cyclic ones, such as lower alkanoyl - 
(e.g. formyl, acetyl, propionyl, butyryl, isobutyryi, vaieryl, isovaleryl, pivaloyl, hexanoyl, etc.), lower ai- 
kanesulfonyl (e.g. mesyl, ethanesulfonyl, propanesulfonyl, eta), lower alkoxycarbonyl (e.g. methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl, etc), lower alkenoyl (e.g. acryloyi, 
methacrytoyl, crotonoyl, etc.), (CrCrH^doalkanecarbonyl (e.g. cyciohexanecarbonyl, etc.), amidino. and the 
like. 

The aromatic acyl may include aroyl (e.g. benzoyl, toluoyl, xytoyl, etc.), arenesulfonyl (e.g. benzenesul- 
fonyl, tosyl, etc.), and the like. 

The heterocyclic acyl may include heterocyclecarbonyl (e.g. furoyl, thenoyl, nicotinoyl, isonicotinoyl, 
thiazolylcarbonyl, thiadiazolyicarbonyl, tetrazolylcarbonyl, etc.), and the like. 

The aliphatic acyi substituted with aromatic group(s) may include ar(lower)alkanoyl such as phenyl- 
(lower)alkanoyl (e.g. phenylacetyl, phenylpropionyl, phenylhexanoyl, etc), ar(lower)alkoxycarbonyl such as 
phenyl(lower)alkoxycarbonyl (e.g. benzyloxycarbonyl, phenethyloxycarbonyl, etc), phenoxy(lower)alkanoyl - 
(e.g. phenoxyacetyl, phenoxypropionyi, etc), and the like. 

The aliphatic acyl substituted with heterocyclic group(s) may include thienylacetyl, imidazorylacetyl, 
furylacetyl, tetrazolylacetyl, thiazorylacetyl, thiadiazolylacetyl, thienylpropionyl, trriadiazolylpropionyl, and the 
like. 

These acyl groups may be further substituted with one or more suitable substituents such as lower alkyi 
(e.g. methyl, ethyl, propyl, isopropyl, butyl, perrtyl, hexyl, etc), halogen (e.g. chlorine, bromine, iodine, 
fluorine), lower alkoxy (e.g. methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy, etc), lower 
alkylthio (e.g. methylthio, ethylthio, propyithio, isopropylthfo, butylthio, pentylthio, hexylthio, etc.), nitro and 
the like, and preferable acyl having such substituent(s) may be mono (or di or tri)halo(lower)alkanoyl (e.g. 
chloroacetyl, bromoacetyl, dichloroacetyl, trifluoroacetyl, etc), mono (or di or tri)ha!o(Iower)alkoxycarbonyl - 
(e.g. chloromethoxycarbonyl, dichloromethoxycarbonyl, 2^-tri-chloroethoxycarbonyl, etc.), nitro (or halo or 
lower alkoxy)phenyl(lower)alkoxycarbonyl, (e.g. nitrobenzyloxycarbonyl, chlorobenzyloxycarbonyl, methox- 
ybenzyloxycarbonyl, etc.), and the like. 

Suitable "protected carboxy" may include an esterified carboxy group which is conventionally used in 
penicillin or cephalosporin compound. 

Suitable "ester moiety" in "esterified carboxy" may include lower alkyl ester (e.g. methyl ester, ethyl 
ester, propyl ester, isopropyl ester, butyl ester, isobutyl ester, t-butyl ester, pentyl ester, tertpentyl ester, 
hexyl ester, etc), lower alkenyl ester (e.g. vinyl ester, allyl ester, etc.), lower alkynyl ester (e.g. ethynyl 
ester, propynyl ester, etc), lower alkoxy (lower)alkyl ester (e.g. methoxymethyl ester, ethoxymethyl ester, 
isopropoxymethyl ester, knethoxyethyl ester, l-ethoxyethyl ester, etc), lower alkylthio(lower)alkyl ester (e.g. 
methylthiomethyl ester, ethylthiomethyl ester, ethylthioethyl ester, isopropylthiomethyl ester, etc), carboxy- 
substituted-lower alkyl ester (e.g. carboxymethyl ester, 2-carboxyethyl ester, 3-carboxypropyl ester, etc.), 
protected carboxy-substituted-lower alkyl ester such as lower alkoxycarbonyl-substituted-lower alkyl ester - 
(e.g. tertH3utoxycarbonylmethyl ester, 2-tert-butoxycarbonylethyl ester, 3-tert-butoxycarbonyIpropyl ester, 
etc), mono(or di or tri)halo(lower)aIkyl ester (e.g. 2-iodoethyl ester, 2,2,2-trichloroethyl ester, etc), lower 
alkanoyloxy(lower)alkyl ester [e.g. acetoxymethyl ester, propionyloxymethyl ester, butyryloxymethyl ester, 
valeryloxymethyl ester, pivaJoyloxymethyl ester, hexanoyloxymethyl ester, I(or 2)-acetoxyethyl ester, l(or 2 
or 3)-acetoxypropyl ester, l(or 2 or 3 or 4)-acetoxybutyl ester, l(or 2)-propionyloxyethyl ester, l(or 2 or 3)- 
propionyloxypropyl ester, l(or 2>-butyryloxyethyl ester, l(or 2)-isobutyryloxyethyl ester, l(or 2)-pivaloylox- 
yethyl ester, 1(or 2)-hexanoyloxyethyl ester, isobutyryloxymethyl ester, 2-ethyibutyryloxymethyl ester, 3,3- 
dimethylbutyryloxymethyl ester, l(or 2)-pentanoyloxyethyl ester, etc.], higher alkanoy!oxy(lower)aIkyl ester - 
[e.g. heptanoyloxymethyl ester, octanoyloxymethyl ester, nonanoyloxymethyl ester, decanoyloxymethyl 
ester, undecanoyloxymethyl ester, lauroyloxymethyl ester, tridecanoyloxymethyl ester, myristoyloxymethyl 
ester, pentadecanoyloxymethyl ester, palmitoyloxymethyl ester, heptadecanoyloxymethyl ester, stearoylox- 
ymethyl ester, nonadecanoyloxymethyl ester, eicosanoyloxymethyl ester, l(or 2)-heptanoyloxyethyl ester, I- 
(or 2)-octanoyIoxyethyl ester, l(or 2)-nonanoyloxyethyl ester, l(or 2)-decanoyloxyethyl ester, l(or 2)-un- 
decanoyloxyethyl ester, l(or 2)-lauroyloxyethy! ester, l(or 2)-tridecanoyloxyethyl ester. l(or 2)-myristoylox- 
yethyl ester, l(or 2)-pentadecanoyIoxy ethyl ester, l(or 2)-palmitoyIoxyethyl ester, l(or 2)-heptadecanoylox- 
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yethyl ester, l(or 2)-stearoyloxyethyl ester, !{or 2)-nonadecanoyloxyethyl ester, l(or 2)-eicosanoyloxyethyl 
ester, etc.], lower a!koxycarbonyloxy(lower)alkyl ester [e.g. methoxycarbonytaxymethyl ester, ethoxycar- 
bonyloxymethyl ester, propoxycarbonyloxymethyl ester, isopropoxycarbonyloxymethyl ester, tert-butoxycar- 
bonyloxymethyl ester, l(or 2)-methoxycarbonyloxyethyl ester, l(or 2)-ethoxycarbonyloxyethyl ester, l(or 2y 
propoxycarbonyloxyethyl ester, l(or 2)-isopropoxycarbonyloxyethyl ester, l(or 2)-butoxycarbonyioxyethyl 
ester, l{or 2)-isobutoxycarbonyloxyethyl ester, l(or 2)-tert-butoxycarbonyloxyethyl ester, l{or 2)-hexyloxycar- 
bonyloxyethyl ester, l(or 2 or 3>-methoxycarbonyloxypropyl ester, I(or 2 or 3)-ethoxycarbonyloxypropyl 
ester, l(or 2 or 3Hsopropoxycarbonyloxypropyl ester, l(or 2 or 3 or 4Hthoxycarbonyloxybutyl ester, l(or 2 or 
3 or 4)4)utoxycarbonyloxybutyl ester, !(or 2 or 3 or 4 or 5>-pentyloxycarbonyloxypentyl ester, l(or 2 or 3 or 4 
or 5)-neopentyloxycarbonyloxypentyl ester, l(or 2 or 3 or 4 or 5 or 6)-ethoxycarbonyloxyhexyl ester, etc.], - 
(5-lower alkyl-2-oxo-l,3-dioxoM-yl)(lower)alkyl ester [e.g. (5-methyl-2-oxcH,3-dioxol-4-yl)methyl ester, (5- 
ethyl-2-oxchl,3-dioxoM-yl)methyl ester, (5-propyl-2-oxoH,3-dioxoM-yl)ethyl ester, etc.], lower alkanesulfonyl- 
(lower)alkyl ester (e.g. mesylmethyl ester, 2-mesylethyl ester, etc.), ar(lower)aikyl ester which may have one 
or more substituent(s) such as mono-(or di or tri)phenyl(lower)alkyl ester which may have one or more 
suitable substituent(s) (e.g. benzyl ester, 4-methoxybenzyl ester, 4-nitrobenzyl ester, phenethyl ester, 
benzhydryl ester, trityl ester, bis(methoxyphenyl)methyl ester, 3,4-dimethoxybenzyl ester, 4-hydroxy-3,5-di- 
t-butylbenzyl ester, etc.), aryl ester which may have one or more suitable substituents (e.g. phenyl ester, 
tolyl ester, t-butylphenyl ester, xylyl ester, mesityl ester, cumenyl ester, salicyl ester, etc.), heterocyclic 
ester (e.g. phthalidyl ester, etc.), and the like. 

Suitable "halogen" may include chlorine, bromine, iodine, and the like. 

Suitable "lower alky!" may include straight or branched one having I to 6 carbon atom(s), such as 
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl or the like, and preferred is one having I to 3 
carbon atom(s). 

Suitable "add residue" may include acyloxy, azido, halogen and the like, wherein acyl moiety in the 
term "acyloxy" and halogen can be referred to the ones as exemplified above. 

Suitable "hydroxy-protective group" or "hydroxy-protective group" in "protected hydroxy" may include 
aforesaid acyl. ar(lower)alkyl (e.g. benzyl, trityl, etc.), lower alkoxy(!ower)alkyl (e.g. l-methyl-l-methoxyethyl, 
methoxypropyl, etc.), tetrahydropyranyl and the like. 

Preferred embodiments of the object compounds (I) are as follows. 

Preferred embodiments of R 1 is amino or ar(lower)alkylamino, more preferably amino or mono(or di or 
tri)phenyl(lower)alkyiamino, most preferably amino or tritylamino; 

R 2 is hydrogen, acyl, ar(lower)alkyl, lower alkoxy(lower)alkyl or tetrahydropyranyl, more preferably 
hydrogen or tetrahydropyranyl; 

R J is carboxy, COO e , ar(lower)alkoxycarbonyl, more preferably carboxy, COO e or benzhydryloxycar- 
bonyl; 

Y is 1-methyl-J-pynrolidinium, l-ethyhl-pyrrolidinium, 1-methyM-piperidinium, hmethyl-h(3-pyrroIinium), I- 
methyl-2-hydroxymethyl-l-pyrroIidinium, l-methyl-2-carbamoyloxymethyl-l-pyrrondinium or l-methyl-2- 
hydroxyethyl-l-pyrroiidinium. 

The processes for preparing the object compounds of the present invention are explained in detail in 
the following. 



Process I : 

The object compound (I) or a salt thereof can be prepared by reacting the compound (II) or its reactive 
derivative at the amino group or a salt thereof with the compound (III) or its reactive derivative at the 
carboxy group or a salt thereof. 

Suitable reactive derivative at the amino group of the compound (II) may include Schiff's base type 
imino or its tautomeric enamine type isomer formed by the reaction of the compound (II) with a carbonyl 
compound such as aldehyde, ketone or the like; a silyl derivative formed by the reaction of the compound - 
(II) with a silyl compound such as bis(trimethylsilyl) acetamide, mono(trimethylsilyl)acetamide or the like; a 
derivative formed by reaction of the compound (II) with phosphorus trichloride or phosgene, and the like. 

Suitable salt of the compounds (II) and (111) may include an acid addition salt such as an organic acid 
salt (e.g. acetate, maleate, tartrate, benzenesulfonate, toluenesulfonate, etc.) or an inorganic acid salt (e.g. 
hydrochloride, hydrobromide, sulfate, phosphate, etc.); a metal salt (e.g. sodium salt, potassium salt, 
calcium salt, magnesium salt, etc.); ammonium salt; an organic amine salt (e.g. triethylamine salt, 
dicyclohexylamine salt, etc.), and the like. 
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Suitable reactive derivative at the carboxy group of the compound (III) may include an add haiide. an 
acid anhydride, an activated amide, an activated ester, and the like. The suitable example may be an acid 
chloride, an add azide; a mixed acid anhydride with an add such as substituted phosphoric add (e.g. 
dialkylphosphoric add, phenylphosphoric add, diphenylphosphoric add, dibenzylphosphoric add, haloge- 

5 nated phosphoric acid, etc.), diaikylphosphorous add, sulforous add, thiosulfuric add, sulfuric acid, 
aikylcarbonic add, aliphatic carboxyfic add (e.g. prvalic add, pentanoic add, isopentanoic add, 2- 
ethylbutyric add or trichloroacetic acid, etc.) or aromatic carboxyfic add (e.g. benzoic add, etc.); a 
symmetrical add anhydride; an activated amide with imidazole. 4-substituted imidazole, dimethylpyrazole, 
triazole or tetrazole; or + an activated ester (e.g. cyanomethyl ester, methoxymethyl ester, 

io dimethyfiminomethyl [(CH 3 )jtf = CH-] ester, vinyl ester, propargyl ester, p-nrtrophenyl ester, 2,4- 
dinitrophenyl ester, trichlorophenyl ester, pentachlorophenyl ester, mesyfphenyl ester, phenyiazophenyl 
ester, phenyl thioester, p-nrtrophenyl thioester, p-cresyl thioester, carboxymethyl thioester, pyranyl ester, 
pyridyl ester, piperidyl ester, 8-quinoryl thioester, etc.), or an ester with a N-hydroxy compound (e.g. N,N- 
dimethylhydroxylamine, l-hydroxy-2-(IH)-pyridone, N-hydroxysucdnimide, N-hydroxyphthalimide, Wiydroxy- 

75 6-chloro-IH-benzotriazole, etc.), and the like. These reactive derivatives can optionally be selected from 
them according to the kind of the compound (111) to be used. 

The reaction is usually carried out in a conventional solvent such as water, acetone, dioxane, 
aeetonitrile. chloroform, methylene chloride, ethylene chloride, tetrahydrofuran, ethyl acetate, N,N-dimethyl- 
formamide, pyridine or any other organic solvent which does not adversely influence the reaction. These 

20 conventional solvents may also be used in a mixture with water. 

When the compound (111) is used in free add form or its salt form in the reaction, the reaction is 
preferably carried out in the presence of a conventional condensing agent such as N.N'-dicydohexytaar- 
bodiimide; r^dohexyi-N'HTJorphofo N-cyclohexyl-N^^iethylaminocydohexyl)- 
carbodiimide; N,N'-diethylcarbodfimide, N,N'<liisc)propylcarbodiimide; N-ethyl-N'-(3-dimethylaminopropyl)- 

25 carbodiimide; N,N-carbonylbis-(2-methylimidazole); pentamethyleneketene-N-cydohexyBmine; 
diphenylketene-N-cydohexylimine; ethoxyacetylene; Mkoxy-l-chloroethylene; trialkyl phosphite; ethyl poly- 
phosphate; isopropyl polyphosphate; phosphorus oxychloride (phosphory! chloride); phosphorus trichloride; 
thionyl chloride; oxalyl chloride; triphenylphosphine; 2-ethyl-7-hydroxybenzisoxazolium salt; 2-ethyl-5-(m- 
sulfbphenyl)isoxazolium hydroxide intramolecular salt 1 ^pK^loroberuenesulfonyloxy)-6-ch!orcHH-ben- 

30 zotriazole; so-called Vllsmeier reagent prepared by the reaction of dimethylformamide with thionyl chloride, 
phosgene, phosphorus oxychloride, etc.; or the like. 

The reaction may also be carried out in the presence of an inorganic or organic base such as an alkali 
metal bicarbonate, tri(lower)aikyIamine, pyridine, N-(lower)alkylmorphorine t N,N-di(lower)alkyibenzylamine, 
or the like. The reaction temperature is not critical, and the reaction is usually earned out under cooling or 

35 at ambient temperature. 

The present reaction indudes. within its scope, the case that the hydroxy-protective group for R 2 is 
eliminated during the reaction or the post-treating step of the present process. 



40 Process 2 : 

The compound (lb) or a salt thereof can be prepared by subjecting the compound (la) or a salt thereof 
to elimination reaction of the carboxy-protective group. 

Suitable salts of the compounds (la) and (lb) may include the same ones as exemplified for the 
45 compound (1). 

Suitable method for this elimination reaction may include conventional one such as hydrolysis, 
reduction, or the like. 



so (i) For hydrolysis : 

Hydrolysis is preferably carried out in the presence of an add. 

Suitable acid may be an inorganic acid (e.g. hydrochloric acid, hydrobromic add, sulfuric acid, etc.), an 
organic add (e.g. formic acid, acetic acid, trifluoroacetic add, propionic add, methanesulfonic add, 
55 benzenesulfonic acid, p-toluenesulfonic acid, etc.), an acidic ion-exchange resin and the like. In case that 
the organic acid such as trifluoroacetic acid and p-toluenesulfonic acid is used in this reaction, the reaction 
is preferably carried out in the presence of cation trapping agents (e.g. anisole, etc.). 
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Further, instead of the above acid, Lewis acid such as boron trifluoride, boron trifluoride etherate, 
aluminum trichloride, antimony pentachloride, ferric chloride, stannic chloride, titanium tetrachloride, zinc 
chloride, and the like can also be used in this reaction, and in case of using Lewis acid, the reaction can 
preferably be carried out in the presence of cation trapping agent (e.g. anisole). 

5 The hydrolysis is usually conducted in a conventional solvent which does not adversely influence the 
reaction such as water, methanol, ethanol, propanol, tert-butyl alcohol, tetrahydrofuran, N,N-dimethylfor- 
mamide, N,N-dimethylacetamide, dioxane, methylene chloride or a mixture thereof, and further the ab- 
ovementioned acids can also be used as a solvent when they are in liquid. 

The reaction temperature of this hydrolysis is not critical, and the reaction is usually conducted under 

to cooling to at somewhat elevated temperature. 



(ii) For Reduction : 

75 Reduction is conducted in a conventional manner, including chemical reduction and catalytic reduction. 
Suitable reducing agents to be used in chemical reduction are a combination of a metal (e.g. tin, zinc, 
iron, etc.) or metallic compound (e.g. chromium chloride, chromium acetate, etc.) and an organic or 
inorganic acid (e.g. formic acid, acetic acid, propionic acid, trifluoroacetic acid, p-toluenesulfonic acid, 
hydrochloric acid, hydrobromic acid, etc.). 

20 Suitable catalysts to be used in catalytic reduction are conventional ones such as platinum catalysts • 
(e.g. platinum plate, spongy platinum, platinum black, colloidal platinum, platinum oxide, platinum wire, 
etc.), palladium catalysts (e.g. spongy palladium, palladium black, palladium oxide, palladium on carbon, 
colloidal palladium, palladium on barium sulfate, palladium on barium carbonate, etc.), nickel catalysts (e.g. 
reduced nickel, nickel oxide, Raney nickel, etc.), cobalt catalysts (e.g. reduced cobalt, Raney cobalt, etc.), 

25 iron catalysts (e.g. reduced iron, Raney iron, etc.), copper catalysts (e.g. reduced copper, Raney copper, 
Uliman copper, etc.) and the like. 

The reduction is usually conducted in a conventional solvent which does not adversely influence the 
reaction such as water, methanol, ethanol, propanol, N,N-dimethylformamide, or a mixture thereof. Addition- 
ally, in case that the abovementioned acids to be used in chemical reduction are in liquid, they can also be 

30 used as a solvent. Further, a suitable solvent to be used in catalytic reduction may be the abovementioned 
solvent, and other conventional solvent such as diethyl ether, dioxane, tetrahydrofuran, etc., or a mixture 
thereof. 

The reaction temperature of this reduction is not critical and the reaction is usually conducted under 
cooling to warming. 

35 The present elimination reaction of the carboxy protective group includes, within its scope, the cases 
that protected amino for R* is converted into the free amino or hydroxy protective group for R 2 is eliminated 
at the same time during the reaction or the post-treating step of the present process. 



40 Process 3 : 

The compound (Id) or a salt thereof can be prepared by subjecting the compound (ic) or a salt thereof 
to elimination reaction of the hydroxy-protective group. 

Suitable salt of the compounds (Ic) and (Id) may include the same ones as exemplified for the 
45 compound (I). 

This elimination reaction of the hydroxy-protective group of the compound (Ic) can be carried out in a 
similar manner to that of the aforementioned Process 2, and therefore the reagents to be used and the 
reaction conditions (e.g. solvent, reaction temperature, etc.) are referred to those of the Process 3. 

The present elimination reaction includes, within its scope, the case that the protected amino for R 1 
60 and/or protected carboxy group(s) for R 3 are converted into the corresponding free amino and/or free 
carboxy group(s) during the reaction or the post-treating step of the present process. 



Process 4 : 

55 

The compound (If) or a salt thereof can be prepared by subjecting the compound (le) or a salt thereof 
to elimination reaction of the amino-protective group. 
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Suitable salt of the compounds(le) and (If) may Include the same ones as exemplified for the compound 

(I). 

The present elimination reaction is carried out in accordance with a conventional method such as 
hydrolysis; reduction; elimination using Lewis add; elimination method by reacting the compound (le) with 

5 iminohalogenating agent and then with iminoetherifying agent and, if necessary, subjecting the resulting 
compound to hydrolysis; or the like. 

Among these methods, the elimination method by reacting the compound (le) with iminohalogenating 
agent and then with iminoetherifying agent and, if necewsary, subjecting the resulting compound to 
hydrolysis" is preferable method. 

10 Suitable iminohalogenating agent may include phosphorus hafide (e.g. phosphorus trichloride, phos- 
phorus pentachloride, phosphorus tribromide, phosphorus pentabromide, etc.), phosphorus oxychloride, 
thionyi chloride, phosgene and the like. The reaction temperature is not critical, and the reaction is usually 
carried out under cooling or at ambient temperature. 

In case that the compound (le) has a free carboxy group at the 4-posHion, this reaction is preferably 

75 carried out by protecting the free carboxy group with a silylating agent (e.g. trimethylsifyl chloride, 
trimethylsirylacetamide, bis(trimethylsilyl)acetamide. etc.) before this reaction. 

Suitable iminoetherifying agent reacted with thus obtained reaction product may include an alcohol, 
metal alkoxide and the like. Suitable alcohol may include alkanol (e.g. methanol, ethanol, propanol, 
isopropanol, butanol, t-butanol, 1,3-butanediol, etc.) which may be substituted with alkoxy (e.g. methoxy, 

20 ethoxy. propoxy, isopropoxy, butoxy, etc.). Suitable metal alkoxide may include alkali metal alkoxide (e.g. 
sodium alkoxide, potassium alkoxide. etc.). alkaline earth metal alkoxide (e.g. calcium alkoxide, barium 
alkoxide, etc.) and the like. The reaction temperature is not critical, and the reaction is usually carried out 
under cooling or at ambient temperature. 

Thus obtained product is, if necessary, subjected to hydrolysis. The hydrolysis can readily be carried 

25 out by pouring the reaction mixture obtained above into water, but there may be previously added a 
hydrophilic solvent (e.g. methanol, ethanol, etc.), a base (e.g. alkali metal bicarbonate, trialkylamine etc.) or 
an acid (e.g. diluted hydrochloric acid, acetic acid, etc.) to the water. 

The reaction temperature is not critical and may be suitably selected in accordance with the kind of the 
protective group of the amino group and the eDmination method as mentioned above, and the present 

30 reaction is preferably carried out under a mild condition such as under cooling, at ambient temperature or 
slightly elevated temperature. 

The present invention includes, within its scope, the case that the protected carboxy is transformed into 
the free carboxy group according to reaction conditions and kinds of the protective groups in the course of 
the reaction or in posttreatment. The hydrolysis may include a method using an acid or a base and the like. 

35 These methods may be selected depending on the kind of the acyl groups to be eliminated. 

Suitable acid may include an organic or an inorganic acid, for example, formic acid, trifluoroacetic add, 
benzenesulfonic add, p-toluenesulfonic add, hydrochloric acid and the like. The acid suitable for the 
reaction can be selected according to the kind of acyl group to be eliminated. When the elimination reaction 
is conducted with the add, it can be carried out in the presence or absence of a solvent. Suitable solvent 

40 may include an organic solvent, water or a mixed solvent thereof. When trifluoroacetic add is used, the 
elimination reaction may be preferably carried out in the presence of anisole. 

Suitable base may include, for example, an inorganic base such as alkali metal hydroxide (e.g. sodium 
hydroxide, potassium hydroxide, etc.), alkaline earth metal hydroxide (e.g. magnesium hydroxide, cateium 
hydroxide, etc.), alkali metal carbonate (e.g. sodium carbonate, potassium carbonate, etc.), alkaline earth 

45 metal carbonate (e.g. magnesium carbonate, calcium carbonate, etc.), alkali metal bicarbonate (e.g. sodium 
bicarbonate, potassium bicarbonate, etc.), alkali metal acetate (e.g. sodium acetate, potassium acetate, 
etc.), alkaline earth metal phosphate (e.g. magnesium phosphate, caldum phosphate, etc.), alkali metal 
hydrogen phosphate (e.g. disodium hydrogen phosphate, dipotassium hydrogen phosphate, etc.), or the 
like, and an organic base such as trialkylamine (e.g. trimethylamine, triethylamine, etc.), picoline, N- 

so methylpyrrolidine, N-methyimorpholine, l,5-diazabicydo[4,3,0]non-5-ene, l,4-diazabicyclo[2,2,2]octane t l,5- 
diazabicyclo[5,4,0]undecene-5 or the like. The hydrolysis using a base is often carried out in water or a 
hydrophilic organic solvent or a mixed solvent thereof. 

The reduction may include, for example, reduction with an alkali metal borohydride (e.g. sodium 
borohydride, etc.), catalytic reduction and the like. 

55 The reaction temperature is not critical, and the reaction is usually carried out under cooling to 
warming. 



14 



0237 735 



The present elimination reaction includes, within its scope, the case that the protected carboxy group 
for R* is converted into the free carboxy group and the hydroxy-protective group for R a is eliminated at the 
same during the reaction or the post-treating step of the present process 



The compound (Ig) or a salt thereof can be prepared by reducing the compound (IV) or a salt thereof. 
Suitable salt of the compounds (Ig) and (IV) may include the same ones as exemplified for the 
compound (I). 

The present reduction can be carried out by a conventional method which is applied for the 
transformation of 



for example, by using 

phosphorus trichloride, a combination of stannous chloride and acetyl chloride, a combination of an alkali 
metal iodide (e.g. sodium iodide, etc.) and trihaloacetic anhydride (e.g. trifluoroacetic anhydride, etc.), and 
the like. 

The present reduction is usually carried out in a solvent such as acetone, dioxane, acetonitrile, 
dimethylformamide, benzene, hexane, chloroform, methylene chloride, ethylene chloride, tetrahydrofuran, 
ethyl acetate, or any other solvent which does not adversely affect the reaction. 

The reaction temperature is not critical and the reaction is usually carried out under cooling or at 
ambient temperature. 

The processes for preparing the starting compounds of the present invention are explained in detail in 
the following. 



Process A - 0 : 

The compound (VII) or a salt thereof can be prepared by reacting the compound (V) or a salt thereof 
with the compound (VI) or a salt thereof. 

Suitable salt of the compounds (V), (VI) and (VII) can be referred to the ones exemplified for the 
compound (I). 

The present reaction may be carried out in a solvent such as water, phosphate buffer, acetone, 
chloroform, acetonitrile, nitrobenzene, methylene chloride, ethylene chloride, formamide, dimethylfor- 
mamide, methanol, ethanol, ether, tetrahydrofuran, dimethylsulfoxide, or any other organic solvent which 
does not adversely affect the reaction, preferably in ones having strong polarities. Among the solvents, 
hydrophilic solvents may be used in a mixture with water. The reaction is preferably carried out in around 
neutral medium. When the compound (V) is used in a free form, the reaction is preferably conducted in the 
presence of a base, for example, inorganic base such as alkali metal hydroxide, alkali metal carbonate, 
alkali metal bicarbonate, organic base such as trialkylamine, and the like. The reaction temperature is not 
critical, and the reaction is usually carried out at ambient temperature, under warming or under heating. The 
present reaction is preferably carried out in the presence of alkali metal halide (e.g. sodium iodide, 
potassium iodide, etc.), alkali metal thiocyanate (e.g. sodium thiocyanate, potassium thiocyanate, etc.), etc. 

Process A - © : 

The compound (VIII) or a salt thereof can be prepared by reducing the compound (VII) or a salt thereof. 
Suitable salt of the compound (VIII) can be referred to the ones as exemplified for the compound (I). 
The present reduction can be oarried out in a similar manner to that of the aforementioned Process 5. 

Process A - © : 

The compound (Ha) or a salt thereof can be prepared by subjecting the compound (VIII) or a salt 
thereof to elimination reaction of amino protective group. 

Suitable salt of the compound (Ha) can be referred to the ones as exemplified for the compound (I). 



Process 5 : 
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This elimination reaction can be carried out in a similar manner to that of the aforementioned Process 2. 



Process B - © : 

5 

The compound (X) or a salt thereof can be prepared by subjecting the compound (IX) or a salt thereof 
to elimination reaction of the carboxy protective group. 

Suitable salts of the compounds (IX) and (X) may include the same ones as exemplified for the 
compound (I). 

io This elimination reaction of the carboxy protective group of the compound (IX) can be carried out in a 
similar manner to that of the aforementioned Process 2. 

Process B - 

15 

The compound (XI) or a salt thereof can be prepared by reacting the compound (X) or a salt thereof 
with the compound (VI) or a salt thereof. 

Suitable salts of the compound (XI) may include the same ones as exemplified for the compound (I). 
This reaction can be carried out in a similar manner to that of the aforementioned Process A - © 

20 



Process B - (5) : 

25 The compound (lib) or a salt thereof can be prepared by subjecting the compound (XI) or a salt thereof 
to elimination reaction of the amino protective group. 

Suitable salts of the compound (lib) may include the same ones as exemplified for the compound (I). 
This elimination reaction of the amino protective group of the compound (XI) can be carried out in a 
similar manner to that of the aforementioned Process 4. 

30 

Process C - © : 

The compound (XIII) or a salt thereof can be prepared by oxidizing the compound (XII) or a salt thereof. 
35 Suitable salts of the compounds (XII) and (XIII) can be referred to the ones as exemplified for the 
compound (I). 

The present oxidation reaction can be carried out by a conventional method which is applied for the 
transformation of -S-into 
? . for example by 

40 

using an oxidizing agent such as m-chloroperbenzoic acid, perbenzoic acid, peracetic acid, ozone, 
hydrogen peroxide, periodic acid or the like. 

The present reaction is usually carried out in a solvent such as water, acetone, dioxane, acetonitrile, 
chloroform, methylene chloride, tetrahydrofuran, ethyl acetate or any other solvent which does not adversely 
45 affect the reaction. 

The reaction temperature is not critical and the reaction is preferably carried out under cooling or at 
ambient temperature. 



so Process C- © 



The compound (IV) or a salt thereof can be prepared by reacting the compound (XIII) or a salt thereof 
with the compound (VI) or a salt thereof. 

The present reaction can be carried out in a similar manner to that of aforementioned Process A - 
55 (p 

The object compound (I) and the pharmaceutically acceptable salt thereof of the present invention are 
novel and exhibit high antimicrobial activity, inhibiting the growth of a wide variety of pathogenic microor- 
ganisms including Gram-positive and Gram-negative microorganisms and are useful as antimicrobial agents. 
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In order to illustrate the usefulness of the object compound, anti-microbial activities of same representa- 
tive compounds of the present invention are shown below. 



5 Minimal inhibitory concentrations 
(A) Test Method 

In vitro antimicrobial activity was determined by the two-fold agar-plate dilution method as described 
10 below. 

One loopful of an overnight culture of each test strain in Trypticase-soy broth (I0 B viable cells per ml) 
was streaked on heart infusion agar (Hl-agar) containing graded concentrations of representative test 
compound, and the minimal inhibitory concentration (MIC) was expressed in terms of ug/mt after 
incubation at 37°C for 20 hours. 



(B) Test Compounds 

(1) 7-[2-(2-Aminothiazol-4-yl^ 
20 carboxylate (syn isomer). 

(2) 7-[2-(2-Aminothiazoi-4-yl)-2^ 
methyl-3-cephem-4-carboxylate (syn isomer). 



25 (C) Test Results 



M.I.C. 


(yg/m£) 




Test strains 


(1) 


(2) 


S. epidelmidis 89 


0.39 


0.78 


E. coli 31 


0.20 


0.10 


P. mirabilis 1 


0.78 


0.39 



For therapeutic administration, the object compound (I) and the pharmaceutically acceptable salt thereof 
of the present invention are used in the form of conventional pharmaceutical preparation which contains 
said compound as an active ingredient, in admixture with pharmaceutically acceptable carriers such as an 
organic or inorganic solid or liquid excipient which is suitable for oral, parenteral and external administration. 
The pharmaceutical preparations may be in solid form such as tablet, granule, powder, capsule, or liquid 
form such as solution, suspension, syrup, emulsion, lemonade and the like. 

If needed, there may be included in the above preparations auxiliary substances, stabilizing agents, 
wetting agents and other commonly used additives such as lactose, citric acid, tartaric acid, stearic acid, 
magnesium stearate, terra alba, sucrose, com starch, talc, gelatin, agar, pectin, peanut oil, olive oil, cacao 
butter, ethylene glycol, and the like. 

While the dosage of the compound (I) may vary from and also depend upon the age, conditions of the 
patient, a kind of diseases, a kind of the compound (I) to be applied, etc. In general amounts between I mg 
and about 4,000 mg or even more per day may be administered to a patient. An average single dose of 
about 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg, 2000 mg of the object compound (I) of the present 
invention may be used in treating diseases infected by pathogenic microorganisms. 
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The following Preparations and Examples are given for the purpose of illustrating the present invention. 



Preparation I 

(1) To a solution of benzhydryl 7-[2-{2-tetrahydropyranyl^ 
acetamidoh3-chloromemyh3-c»phem^ (syn isomer) (6.5 g) in ethyl acetate (40 m!) was added 
dropwise a solution of m-chloroperbenzoic acid fl.54 g) in ethyl acetate 00 ml) at 0°C. The mixture was 
stirred for two hours under ice-cooling and then poured into a mixture of ethyt acetate (50 ml) and water - 
(100 ml). The organic layer was washed with brine and then dried. The solvent was evaporated in vacuo and 
the residue was pulverized with diisopropyl ether to give benzhydryl 7-[2-(2-tetrahydropyranyl)oxyimino-2- 
(2-tritylaminothiazoM-yl)acetamido>3-chlorornethyK (syn isomer) (6.90 g). 

IR (Nujol) : 2940, 1800, 1730, 1680 cm" 1 

NMR (DMSOd,. S) : 1.10-2.10 (8H f m), 3.87 (2H, s), 4.53 (2H, ABq, J = 12Hz), 5.07 (IH, d, J=5Hz), 5.90 (IH, 
d-d, J = 5Hz, 8Hz), 6.84 (IH, s), 7.00 (IH, s), 7.10-7.80 (m), 8.80 (IH, d. J=8Hz) 

(2) To a solution of benzhydryl 7-[2-{2-tetrahydropyranyI)oxyi 
ac»tamido>3-chtoixmiemyl-3-cephem-4-caitw (syn isomer) in acetone (100 ml) was added 
sodium iodide (2.5 g) under ice-cooling. The mixture was stirred for 4.5 hours at the same temperature and 
then poured into a mixture of ethyl acetate (150 ml) and water (150 ml). The organic layer was separated, 
washed with brine and dried over magnesium sulfate. The solvent was distilled off. To the residue was 
added tetrahydrofuran (25 ml) and then hmethylpyrrolidine (0.52 ml) was added thereto under cooling. The 
mixture was stirred for I hour at the same temperature and then the mixture was poured into ice-water. The 
resulting precipitates were collected by filtration, dried over phosphorus pentoxide and then subjected to 
column chromatography on sifica gel using methylene chloride and methanol (52) as an eluent. The 
fractions containing the object compound were collected and evaporated to give benzhydryl 7-[2-(2- 
teti^ydropyranyl)oxyimino-2-(2-tf^ 

c^phem-4K3t>oxyiate-l-oxide iodide (syn isomer) (1.0 g). 



Preparation 2 

(1) To a solution of benzhydryl 7-tert-birtoxycarbonylamirKh3Hodom 

oxide (4.3 g) in dimethylformamide (70 ml) was added l-methylpyrrolidine (0.63 g) at 0°C. The mixture was 
stirred for 1.5 hours under ice-cooling and poured into a mixture of ethyl acetate (700 ml) and ice-water (350 
ml). The separated organic layer was washed with water, brine and dried over magnesium sulfate. The 
solvent was distilled off and the residue was pulverized in diisopropyl ether.collected by filtration and dried 
in vacuo to give powdery benzhydryl 7-tert-butoxycarbcttylamino-3-(^ 
4-carboxyIate-l-oxide iodide (4.3 g). 

(2) To a solution of the powder obtained above in dimethylformamide (35 ml) was added phosphorus 
trichloride (2.0 g) at -20°C. The mixture was stirred for 45 minutes at the same temperature and then was 
added ice-water (350 ml). The precipitates were collected by filtration and dried over phosphorus pentoxide 
to give benzhydryl 7-tert-butoxycaitK3nylamino-3-^ io- 
dide. Furthermore, the same product was obtained from the filtrate by extraction with a mixture of 
tetrahydrofuran (100 ml) and ethyl acetate (200 ml). 

NMR (DMSO-d*. 5) : 1.45 (9H, s), 1.70-220 (4H), 2.78 (3H, s), 2.82 (2H, ABq), 4.30 (2H), 5.30 (IH), 5.80- 
6.03 (IH), 7.10 (IH, s). 720-7.60 (m) 

(3) To a solution of benzhydryl 7-tert-butoxycarbony!amirK>-3-(l^ 

4-carboxylate iodide (4.42 g) in a mixture of dichloromethane (12 ml) and anisole (4.4 ml) was added 
trifluoroacetic acid (8.8 ml) under ice-cooling. After stirring for 30 minutes at room temperature, the reaction 
mixture was gradually poured into diisopropyl ether. The resultant precipitate was collected by filtration, 
washed with diisopropyl ether and dried over phosphorus pentoxide to give trifluoroacetic acid salt of 7- 
amino-3-(l-methyl-l-pyrrolidinio)methyl-3-cephem-4-carboxylic acid iodide (2.51 g). 

NMR (DA 5) : 2.00-2.40 (4H, m), 3.98 (3H, s). 3.35-3.70 (4H, m), 3.62 (2H, ABq, J = l7Hz), 4.32 (2H, 
ABq, J = l3Hz), 4.82 (IH, d, J = 5Hz), 5.19 (IH, d. J=5Hz) 
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Preparation 3 

The following compound was obtained according to a similar manner to that of Preparation H2) . 
Benzhydryl 7-[2-(2-tetrahydropyranyl)oxyimino-2^^ 
lpiperidinio)methy!-3^epherTv4-(^rboxy!ate-k»xide iodide. 



Preparation 4 

The following compounds were obtained according to a similar manner to that of Preparation 2-(l) . 

(1) Benzhydryl 7-[2-{2-tetrahydropyranyl)oxy™ 
pyrrolidinio)methyl-3-cephem-4-carboxylate-l-oxide (syn isomer) 

(2) Benzhydryl 7-[2-(2-tetrahydropyranyl)oxyimino-2^^^^ 
(3i5yrrolinio)]methyl-3-cephem-4-carboxylate-l-oxide iodide (syn isomer). 
IR (Nujol) : 3200, 1800, 1720, 1670 cm" 1 

NMR (DMSO-d t , S) : 1.20-2.00 (6H, m), 2.91 (3H, s), 3.5-3.6 (2H, m), 4.0-4.5 (4H + 2H + IH, m), 4.6-4.7 (IH, d, 
J = l4Hz), 5.1 (IH + IH, bs). 6.60 (IH, dd, J = 5Hz, 8Hz), 6.90 (2H, m), 6.80 (IH. s), 7.00 (IH, s), 7.05-7.60 (I5H, 
m), 8.67 (IH, s), 8.85 (IH, d, J=8Hz) 



Preparation 5 

(1) To a solution of benzhydryl 7-benzoylamino-3-chloromethyh3-cephem-4-carboxylate (20 g) in a 
mixture of dichloromethane (40 ml) and anisole (10 ml) was added trifluoroacetic acid (20 ml) under cooling. 
After being stirred for two hours at -3° - 0°C, the mixture was added dropwise to a mixture of diisopropyl 
ether (400 ml) and n-hexan (800 ml) at 5°C. The stirring was continued for 15 minutes at the same 
temperature. The resulting powder was collected by filtration, washed with n-hexan and dried over 
phosphorus pentoxide to give 7-benzoylamino-3-chloromethyl-3-cephem-4-carboxylic acid. 

IR (Nujol) : 3270, 1780, 1715, 1650, 1530 cm- 1 

NMR (DMSO-d., 6) : 3.67 (2H, ABq, J = l8Hz), 4.60 (2H, s), 5.26 (IH, d, J=5Hz), 5.93 (IH, d-d, J = 5Hz, 
8Hz), 7.33-7.72 (3H, m), 7.78-8.10 (2H, m), 9.47 (IH, d, J = 8Hz) 

(2) To a solution of 7-benzoylamino-3-chloromethyl-3cephem-4-carboxylic acid (14 g) in 
tetrahydrofuran (280 ml) was added dropwise l-methylpyrrolidine (16.9 g) over a period of 10 minutes at 
I0°C. After the mixture was stirred for two hours at 25° ~ 28°C, ethyl acetate (280 ml) was added thereto. 
The precipitate was collected by filtration, washed with ethyl acetate and diisopropyl ether, dried over 
phosphorus pentoxide to give 7-ber^oylamino-3-(l-methyl-l-pyrrolidinio)methyl-3-cephem-4-carbox^ 

NMR (DMSO-d., 5) : 1.90-2.27 (4H, m), 2.97 (3H, s), 3.02-3.68 (5H, m), 3.90 (IH, d, J = l8Hz), 4.03 (IH, d. 
J = l3Hz), 4.95 (IH, d, J = l3Hz), 5.21 (IH, d, J = 5Hz). 5.78 (IH, dd, J = 5Hz, 8Hz), 7.40-7.68 (3H, m), 7.80-8.08 
(2H, m), 9.44 (IH, d, J = 8Hz) 

(3) To a suspension of 7-benzoylamino-3-(l-methyl-l-pyrrolidinio)methyl-3-cephem-4-carboxylate (15 
g) in a mixture of dichloromethane (300 ml) and N,N-dimethy!aniline (41.7 g) was added dropwise 
trimethylsilyl chloride (31.2 g) at 5°C. After being stirred for I hour at 5° -I0°C. the mixture was cooled up to 
-30°C and then phosphorus pentachloride (11.9 g), was added thereto. After the mixture was stirred for I hour 
at -20°— 30°C, a mixture of isobutyl alcohol (21.2 g) and 1,3-propanediol (21.8 g) is dichloromethane (150 ml) 
cooled at -30°C was added to the reaction mixture. The mixture was stirred for I day at room temperature 
to give a residue, which was collected by filtration, washed with dichloromethane, acetone and diisopropyl 
ether successively and dried over phosphorus pentoxide to give 7-amino-3-(l-methyM-pyrrolidinio)methyl-3- 
cephem-4-carboxylate dihydrochloride. 

NMR (D 2 0, 5) : 2.07-2.37 (4H, m), 3.01 (3H, s), 3.33-3.67 (4H, m), 3.63 (IH, d, J = l8Hz), 3.93 (IH, d, 
J = l8Hz), 4.16 (IH, d, J = 13Hz), 4.73 (IH, d, J = l3Hz), 5.17 (IH, d, J = 5Hz), 5.39 (IH, d, J=5Hz) 

(4) To a suspension of 7-amino-3-(l-methyl-l-pyrrolidinio)methyl-3-cephem-4-carboxylate, dihydroch- 
loride (9.8 g) in IN-hydrochloric acid (39 ml) was added dropwise isopropyl alcohol (46 ml). After being 
stirred for 1 hour at room temperature, additional isopropyl alcohol (70 ml) was added thereto. The mixture 
was stirred for further I hour at the same temperature to give crystals. 

The crystals were collected by filtration, washed with isopropyl alcohol and diisopropyl ether and dried over 
phosphorus pentoxide to give crystalline 7-amino-3-(l-methyl-l-pyrro!idinio)methyl-3-cephem-4-carboxylate 
dihydrochloride. 
mp : I53°C (dec.) 
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IR (Nujol) : 3300-3450, 1785, 1600-1640, 1540 cm- 1 
NMR (D,0. S) : 2.0-2.43 (4H, m), 2.98 (3H, s), 3.32-3.72 (4H, m), 3.53 (IH, d, J = l8Hz), 3.97 (IH, d, 
J = l8Hz), 4.01 (IH, d, J = l3Hz), 5.11 (IH. d. J=l3Hz), 5.17 OH, d, J=5Hz), 5.38 (IH, d, J=5Hz) 



Example I 

To a solution of benzhydryl 7^2-(2-tetrahydropyran^ 
(hnemyW-pyrrofidinio)met^ iodide (syn isomer) (1.0 g) in dimethylfbr- 

mamide (8 ml) was added phosphorus trichloride (0.31 g) at -20° C. The mixture was stirred for one hour at 
the same temperature, and then poured into diethyl ether to give a powder, which was dissolved in 
tetrahydrofuran and passed through a column of anion-exchange resin "IRA-400" (CFjCOO-form) - 
(Trademark, maker Rohm & Haas) using 90% aqueous tetrahydrofuran as an eluent The eluates containing 
the product were concentrated and the resulting precipitates were filtered and dried over phosphorus 
pentoxide to afford benzhydryl 7-[2-(2-tetrarrydropyranyl)oxyim^ 
(l-memyl-l-pyrrolidinio)metty trifluoroacetate (syn isomer). 

NMR (DMSO-d* 6) : 1.20-2.30 (8H, m), 424 (2H, ABq, J = l3Hz), 5.23 (IH, d, J = 5Hz), 5.70 (IH, dd. J =5, 
8Hz), 6.81 (IH, s), 6.92 (IH, s), 7.10-7.90 (m), 9.40 (IH, d, J=8Hz) 



Example 2 

To a solution of benzhydryl 7^2-(2-fetrahydropyranyl)oxyim^ 
(l-memyl-l-pyrroiidinio)methyl-3-cephem-4-carboxylate trifluoroacetate (syn isomer) (0.9 g) in cfich- 
loromethane (2,7 ml) were added anisole (0.9 ml) and trifluoroacetic acid (1.8 ml) under ice-cooling. After 
stirring for I hour at room temperature, the mixture was poured into diisopropyl ether (50 ml). The resulting 
precipitate was collected by filtration, washed with diisopropyl ether, and dissolved in 5% sodium 
bicarbonate solution. The aqueous solution was adjusted to pH 2.5 with IN hydrochloric acid, and subjected 
to column chromatography on non-ionic adsorption resin "HP-20". The desired product was eiuted with 5% 
diisopropyl ether and the eluate was concentrated and lyophilized to give 7-[2-(2-aminothiazol-4-yl)-2- 
hydroxyiminoacetamidoh3-(Kmemy^ (syn isomer) (025 g). 

IR (Nujol) : 2950, 1770, 1670, 1620 cnr* 

NMR (D*0, 5) : 223 (4H, s), 3.56 (4H, s). 3.72 (IH, ABq, J = l8Hz), 4.37 (IH, ABq, J = l2Hz), 5.38 (IH, d, 
J = 5Hz), 5.88 (IH, d, J = 5Hz), 7.09 (IH, s) 



Example 3 

The following compound was obtained according to a similar manner to that of Example I. 

Benzhydryl 7-{2-(2-tetrahydrcH3yranyl)oxyimino-2^ 
piperidinio)memyl-3-c«phem-4-carboxylate trifluoroacetate (syn isomer). 

NMR (DMSO-dt, 5) : 1.93-2.17 <6H. m), 1.97-223 (8H, m), 2.77 (3H, s), 2.97-3.03 (4H, m), 3.33-3.98 (2H, 
m), 4.00-4.50 (2H, m), 522 (IH, m), 5.32 (IH, d. J=5Hz), 5.60-6.00 (IH. m), 6.73 (IH. s). 7.04 (IH, s), 7.10-7.68 
(25H, m), 8.77 (IH, br s). 9.40-9.70 (IH, m) 



Example 4 

The following compound was obtained according to a similar manner to that of Example 2. 
7-[2-(2-Aminothiazol-4-yI)-2-hydroxyimino -acetamido)3-(l-methyW-piperidinio)methyl-3-cephem-4-car- 
boxylate (syn isomer). 

IR (Nujol) : 1770, 1660, 1610, 1530 cm" 1 

NMR (DMSO-d t , 5) : 1.07-220 (6H, m), 2.95 (3H, s), a90-3.60 (5H, m), 3.60-4.60 (2H, m), 4.60-5.30 (IH, 
m), 5.16 (IH, d, J=5Hz), 5.70 (IH, d-d, J = 5Hz. 8Hz), 6.62 (IH, s). 6.87-7.37 (2H, br s), 9.36 (IH, d, J=8Hz), 
11.42 (IH, br s) 
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Example 5 

To a solution of benzhydryl 7-[2-(2-tetrahydropyranyl)oxyimm^ 
(l^yM-pyiTOlidinio)methyl-3K»^ iodide (syn isomer) (6.25 g) in dimethyifor- 

mamide (25 ml) was added phosphorus trichloride (1.73 g) at -20°C. The mixture was stirred for half an hour 
at the same temperature, and then poured into a mixture of dichloromethane and water. The organic layer 
was separated, washed with water and then brine and evaporated in vacuo. The residue was dissolved in 
90% aqueous tetrahydrofuran and passed through a column of anion-exchange resin "IRA-400" (CF,COO- 
form) (Trademark, maker Rohm & Haas) using 90% aqueous tetrahydrofuran as an eluent. The eluates 
containing the product were concentrated and the resulting precipitates were filtered and dried over 
phosphorus pentoxide to afford benzhydryl 7-[2-(2-tetrahydropyranyl)oxyimino-2^ 
acetamidoh3-(temyH-pyrrolidinro^ trifluoroacetate (syn isomer) (4.0 g). 

Example 6 

The following compound was obtained according to a similar manner to that of Example 5. 
Benzhydryl 7-[2-(2-tefrahydropyranyl)oxyimino^ 
rolinio)]methyl-3-cephem-4-carboxylate trifluoroacetate (syn isomer). 
IR (Nujoi) : 3400, 1780, 1720, 1650 cnr 1 



Example 7 

To a solution of benzhydryl 7-[2-(2-tetrahydropyranyl)oxyimino-2-^ 
(l-ethyl-l-pyrrolidinio)methyl-3-cephem-4-carboxylate trifluoroacetate (syn isomer) (4.0 g) in dichloromethane 
(12 ml) were added anisole (4 ml) and trifluoroacetic acid (8 ml) under ice-cooling. After stirring for 4 hours 
at room temperature, the mixture was poured into diisopropyl ether (250 ml). The resulting precipitate was 
collected by filtration, washed with diisopropyl ether, and dissolved in 5% sodium bicarbonate solution. The 
aqueous solution was adjusted to pH 2.5 with IN hydrochloric acid, and subjected to column chromatog- 
raphy on non-ionic adsorption resin "HP-20". The desired product was eluted with 5% isopropyl alcohol 
and the eluate was concentrated and lyophilized to give 7-[2-(2-aminothiazol-4-yl)-2- 
hydroxyiminoacetamidoh3-(l^%hl-pyiTolidinio)methyl-3-cephem-4-carboxylate (syn isomer) (0.30 g). 
IR (Nujol) : 3200, 1770, 1600. 1520 cm- 1 

NMR (DMSOd«, 6) : 1.05-1.50 (3H, m), 1.60-2.30 (4H, m), 5.10 (1H, d. J = 5Hz), 5.66 (IH. dd, J = 5, 8Hz). 
6.60 (IH, s), 7.07 (2H, s), 9.30 (IH, d, J=8Hz) 



Example 8 

The following compound was obtained according to a similar manner to that of Example 7. 
7-[2-(2-Aminothiazol-4-yl)-2-hydroxy^ 
carboxylate (syn isomer). 

IR (Nujol) : 3250, 1770, 1610 cnr 1 

NMR (DMSO-d fc , 6) : 3.02 (3H, s), 3.5-3.8 (2H), 4.0-4.4 (4H, m), 4.45, 4.92 (2H, ABq, J = 12Hz), 5.08 (IH, d, 
J = 5Hz), 5.65 (IH, dd. J = 5, 8Hz), 5.88 (2H, s), 6.58 (IH, s), 9.30 (IH, d, J = 8Hz) 



Example 9 

To a mixture of dimethylformamide (5.28 ml) and tetrahydrofuran (15 ml) was added phosphorus 
oxychloride (6.6 ml) under cooling. The mixture was stirred for minutes under ice-cooling. To the mixture 
was added a solution of 2-(2-tritylaminothia2ol-4-yl)-2-(2-tetrahydropyranyloxyimino)acetic acid (syn isomer) 
(30.4 g) in tetrahydrofuran (300 ml) with stirring under ice-cooling. 

The mixture was stirred for 40 minutes at 3° to 5°C to produce an activated acid solution. On the other 
hand, to a solution of a salt of 7-amino-3-(l-methyl-i-pyrroiidinio)methyl-3-cephem-4-carboxylate dihydroch- 
loride (20 g) in tetrahydrofuran containing monotrimethylsilylacetamide (107 g) was added at once. The 
activated acid solution obtained above under cooling at -20 6 C and the resulting mixture was stirred for 2 
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hours at -20°C to -I0°C» To the reaction mixture was added water. The insoluble materials were filtered off 
and the organic layer in the filtrate was separated. The aqueous layer was saturated with sodium chloride 
and extracted with ethyl acetate several times. The combined extract was washed with water, aqueous 
sodium bicarbonate and saturated aqueous sodium chloride successively, and dried over magnesium 
sulfate. The solvent was distilled off and the residue was subjected to column chromatography on silica gel 
(250 g) eluting with a mixture of ethyl acetate and isopropyl ether (1:3). The fractions containing the object 
compound were combined and concentrated under reduced pressure. The residue was triturated in 
diisopropyl ether to give 7^2K2-tritylaminothiazoM~^ 
memyM-pyrroIidinio)me%l-3^^ (syn isomer) (75.0 g). 



Example 10 

The following compounds were obtained according to a similar manner to that of Example 9 and then 
Example 2. 

(1) 7-[2-{2-AminomiazQl-4-yl)-2-ty^^ 
methyl-3-cephem-4-carboxyiate (syn isomer). 

IR (Nujol) : 3200-3300, 1770, 1650, 1605 cnr' 

NMR (DA 5) : 1.73-2.63 (4H, m), 3.01 (3H, s), 3.43 (IH, d. J = l8Hz), 350 (IH, <j, J=BHz), 3.96 OH, d. 
J = l8Hz). 4.83 (IH, d. J=l3Hz). 5.39 (IH, d, J=5Hz), 5.88 (IH, d, J=5Hz), 6.97 (IH, s) 

(2) 7-[2-(2-Aminothiazol-4-yl)-2-hydro^ 
rolidinio)methyh3-cephem-4-carboxylate (syn isomer). 

IR (Nujol) : 1770, 1720, 1650, 1605 cm" 1 

NMR (DA 5) : L77-2.63 (4H, m), 3.07 (3H, s), 3.47, 4.00 (2H, ABq, J = 18Hz), 3.27-4.23 (3H, m), 3.93 OH. 
d, J=l3Hz), 4.32-4.60 (2H. m), 4.87 (IH, d, J=l3Hz), 5.38 OH. d, J = 5Hz), 5.88 (IH, d, J=5Hz), 6.97 OH, s) 



Example II 

The following compound was obtained from the compound prepared in Example 9 according to a 
similar manner to that of Example 2. 

7^2-(2-Aminothiazol-4~yl)-2-hydroxyim^ 
carboxylate (syn isomer). 

IR (Nujol) : 2950, 1770, 1670, 1620 cm" 1 

NMR (DA 5) : 2.23 (4H, s), 3.56 (4H, s), 3.72 (IH, ABq, J = l8Hz), 4.37 (IH, ABq, J = l2Hz), 5.38 OH, d, 
J = 5Hz), 5.88 OH, d, J=5Hz), 7.09 OH. s) 



Preparation 6 

The following compound was obtained according to a similar menner to that of Preparation 5-(2). 7- 
Benzoylamino-3^1-me%h2-(2-hydroxyem ~^ 
IR (Nujol) : 3300, 1770, 1650, 1610, 1580, 1510 cnr' 

NMR (DMSO-d„5) : 1.43-2.45 (4H, m), 2.91, 3.08 (total 3H, each S), 3.20-4.20 (10H, m), 4.91, 4.96 (total 
IH, each d, J = 13Hz), 5.22 (1H, d, J=5Hz), 5.77 (1H, dd, J = 5Hz, 8Hz). 7.33-7.75 (3H, m), 7.77-8.12 (2H, 
m), 9.46 (1H, d,J = 8Hz) 



Preparation 7 

The following compound was obtained according to a similar manner to that of Preparation 5-(3). 7- 
Amino-3-[1-meuiyI-2-(2-hydroxyethy^ hydrochloride. 

NMR (DAS) : 1-20-2.50 (4H, m), 3.00, 3.20 (total 3H, each S), 3.86 (2H, ABq, J = 18Hz), 3.47-423 (8H, 
m), 4.57 (1H, d, J = 13Hz), 5.22 (1H, d, J=5Hz), 5.45 (1H. d, J = 5Hz) 
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Example 12 

The following compound was obtained according to a similar manner to that of Example 9 and then 
Example 2 7-[2-<2-aminomiazo»-4~y!)-2^ 
5 pyn-o!idinio]methyl-3^ephem-4^rboxylate (syn isomer). 
IR (Nujol) : 3200-3300, 1770, 1660, 1610, 1530 cm- 1 
NMR (D 2 0,a) : 1.63-2.73 (4H, m), 2.95. 3.16 (total 3H, each S), 3.43 (1H, d. J = 18Hz), 3.77 <1H, d. 
J = 18Hz), 3.33-4.10 (8H, m), 4.40-4.83 (1H, m), 5.37 (1H, d. J=5Hz), 5.87 (1H, d, J = 5Hz), 6.97 (1H, S) 

10 

Claims 



!. A cephem compound of the formula : 
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N — r C-CONH 1 r i 



wherein R 1 is amino or protected amino, 
R a is hydrogen or hydroxy protective group, 
R 3 is carboxy, COO e or protected carboxy, 

25 p4 q p4 4 



is -U^J> , -nJ> or 



wherein R* is lower alkyl, and 
30 R* is hydrogen or lower alkyl substituted with hydroxy or protected hydroxy, 

X is acid residue, and 
n is 0 or I, 

with the proviso that when R 3 is COO e , then n is 0, and when R 3 is carboxy or protected carboxy, then n is 
I, and 

35 pharmaceutical^ acceptable salts thereof. 

2. A compound of claim 1, wherein 
R 1 is amino or ar(lower)alkylamino, 

R 2 is hydrogen or tetrahydropyranyl, 

R 3 is carboxy, COO 9 or esterified carboxy, 

40 R4 _ R4 R 4 

v is %y 0 r ®r> 

wherein R 4 is lower alkyl, and 

R 5 is hydrogen, hydroxy(lower)alkyl or 
carbamoyloxy(lower)alkyl, 
X is acid residue, and 
nisOor 1, 

with the proviso that when R 3 is COCO e , then n is 0, and when R 3 is carboxy or esterified carboxy, then n 
is 1. 

3. A compound of claim 2, wherein 
R 1 is amino, R J is hydrogen, R 3 is COO e . 

4. A compound of claim 3, wherein 

55 
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©I, 

y is 



R 4 



5 in which R* and R 5 are each as defined in claim 2. 

5. A compound of claim 4, which is 7^2-(2-aminothiazol^yl)-24iydro^ 
pyrrolidinio)methyl-3K^enh4-carboxylate (syn isomer). 

6. A compound of claim 4, which is 7^2^ir»miazol^yl)^ 
pyrrolidinio)memyl-3K»phenHJ<arboxylate (syn isomer). 

1Q 7. A compound of claim 4, which is 7^2^2-aminothiazol^yl)-24iydr^ 
hydroxymethyM-pyrrctfdinio)me^ (syn isomer). 

8. A compound of daim 4, which is 7-[2^2-amim^iazoM-yl)-24iydro^^ 
carbamoyloxymemyM^yrr^ (syn isomer). 

9. A compound of claim 4, which is 7^2-(2-aminothiazof^ylh24iydroxyM 
T5 (2^ydroxyethyl)-1-pyn'olidinio]memyh3-cephem-4<arrx»c^ (syn isomer). 

10. A compound of claim 3, which 



Y is 



R4 

^3 



in which R 4 is lower alkyl. 

11. A compound of claim 10, which is 7^2-(2-amir»trMazol^yl)-2^ 
1H3i3yrroIinio)methy!h3^phem-4-cart)oxyiate (syn isomer) 

12. A compound of claim 3, wherein 

Ti3 , 

30 in which R* is lower alkyl. 

13. A compound of claim 12, which is 7^2^2-amirK)thiazol^yI}-24iydra^ 
1-piperidinio)memyh3^phern-4-carboxylate (syn isomer). 

14. A process for preparing a cephem compound of the formula : 



R 3 



40 wherein R 7 is amino or protected amino, 

R* is hydrogen or hydroxy protective group, 
R 1 is carboxy, COO e or protected carboxy, 



©for* 5 @Pri ®f^\ 

Y is -N^P , -N^JJ or -N^> 

wherein R* is lower alkyl, and 
R s is hydrogen or lower alkyl substituted with hydroxy or protected hydroxy, 
X is acid residue, and 
n is 0 or I, 

with the proviso that when R 1 is C00 e , then n is 0, and when R* is carboxy or protected carboxy, then n is 
I, 

or a pharmaceutically acceptable salt thereof, which comprises 
55 i) reacting a compound of the formula : 
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CH 2 Y . (X U ) n 

0 ' 
R 3 

wherein R 3 , X, Y and n are each as defined above, or its reactive derivative at the amino group or a salt 
thereof, with a compound of the formula : 



10 , — C-COOH 

BM> I 2 
S N-OR 

wherein R' and R 2 are each as defined above, or its reactive derivative at the carboxy group or a salt 
J5 thereof, to give a compound of the formula : 

_ N-t— C-CONH 1 f S > 

20 ^ ' 

R 3 

wherein R 1 , R 2 , R 3 , X t Y and n are each as defined above, 
or a salt thereof; 
25 ii) subjecting a compound of the formula : 



,ijT"r coNH "T fS i 0 



n-or 2 J- 

k 

wherein R\ R 2 , X and Y are each as defined above, and 
R a is protected carboxy, 

35 or a salt thereof, to elimination reaction of the carboxy-protective group, to give a compound of the formula : 

C-CONH 1 r" s 



40 (C) 

wherein R 1 , R 2 and Y are each as defined above, or a salt thereof; 
iii) subjecting a compound of the formula : 

45 ^ N C-CONH— j |^ Sn i 

E "-OR 2 0^ N -f-<*2* • «©) „ 

R 3 

qq wherein R\ R* X, Y and n are each as defined above, and 
Ra is hydroxy-protective group, 

or a salt thereof, to elimination reaction of the hydroxy-protective group, to give a compound of the formula 
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Jkt-t C-CONH ■ f S > 



R 3 



R 

S' N-OH o Y 2 

5 

wherein R\ R J , X, Y and n are each as defined above, 
or a salt thereof; 

iv) subjecting a compound of the formula : 



h-t C-CONH 1 r" S > 

R 3 



10 

R' 



T5 wherein R 2 , R J t X, Y and n are each as defined above, and 
R^ is protected amino, 

or a salt thereof, to elimination reaction of the amino-protective group, to give a compound of the formula : 

r-rnyrg , ^ 



» =2 



wherein R 2 , R 3 , X, Y and n are each as defined above, 
25 or a salt thereof; and 

v) subjecting a compound of the formula : 



k3 



0 

+ 



35 wherein R\ R 2 , X and Y are each as defined above, R J Is carboxy or protected carboxy, 
or a salt thereof, to reduction, to give a compound of the formula : 

N-X C-CCNB 

rM s ) li 2 




wherein R\ R\ R| . X and Y are each as defined above. 
45 or a salt thereof. 

15. A pharmaceutical composition comprising, as an active ingredient, the compound of Claim I or a 
pharmaceutically acceptable salt thereof. 

16. A compound of Claim I for use in treating infectious diseases. 

17. A method for the treatment of infectious diseases caused by pathogenic microorganisms which 
so comprises administering a compound of claim I and a pharmaceutically acceptable salt thereof to infected 

human or animals. 



55 



26 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LINES OR MARKS ON ORIGINAL DOCUMENT 



